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la  r**«»t  flirt  tbere  kn  km  • 
r«iin4  iatereat  ia  tki  ftoklia  of  two 
fiataiiiail  iloetroaio  ifititi  »itk 
olootroa  loealiaatloa  rieilfiii  a  groat 
goal  of  tafkiili1***.  flagla  faraaatar 
aaaltag  tkioriia  predict  that  all 
alaatroa  atataa  ara  loaaliaeg  la  t*o 
llaaaaloaa  aiaa  ohaa  tha  aoaliitltltf 
la  graatar  tkaa  tha  alalaia  metallic 
eoagaat i  v ity  [*_1 2d“(~J0E0/ eqaare)”1 1 
predicted  by  Thoalaaa1. 

la  thla  eoaaaalaatloa  »a  would 
Ilka  ta  geacribe  a  raw  aatal  f  11a 
ayataa  which  ia  altra  tkia  (Ion  to 
ayyroniaate ly  2  Aagatroaa),  eryatalllaa 
aag  diaplaya  vaak  alaatroa  loealitatioa 
and  behavior  aaggaatiag 
aayarcoagaet i v ity  at  loo  toayarataraa. 
goaa  oork  oa  epitaxial  tfcla  aatal  filaa 
aa  aaa iaoagaa t or a  haa  kaaa  rayortag. 
bat  ia  aoaaokat  coaplicatag  by  eoayoaag 
far.atiea””. 

Tka  aaaplaa  ara  yrayarag  by 
ofitaalal  grooth  of  tka  aatal  fila  oa  a 
laaicoagac t or  aarfaco.  Siagla  cryatala 
af  garaaaiaa  (6a)  tka  aarfaia  of  okiah 
oaa  orloatag  to  oithia  0.5°  of  a  (001) 
pliaa,  oara  alaalaa  poliikaf  aad 
akaaaaaakaaieal ly  yoliaked.  Tka  aryatal 
oaa  aoaated  ia  aa  altra  high  oaaaaa 
ahaabar  (kaaa  yraaaata  <10-1®  Torr). 
Tka  aarfaaa  oaa  fartkar  alaaaad  ia 
oaaaa  by  aaoaral  eyelaa  af  argea 
baabardaaat  aad  aaaaallag  at  -B23°K. 
Tka  aarfaaa  oaa  straetarally 
aharaa tarltag  aaiag  loo  aaargy  alaatroa 
gif f raattoa  (LSBD)  aag  Aagar  alaatroa 
apoatrotaopy  (Alt).  Siloar  (Ag)  oaa 
tkaa  gapoal tag  aaiag  a  yyralltia 
graykita  Kaagaaa  affaaioa  aall.  Tka 
baakgraaag  yraaaara  ia  tha  akaabar  oaa 
«2*10"*  Tarr  gariag  gayoaltiaa.  Tha  Ag 
fila  grao  ayitaxially  at  a  rata  of 
akoat  2  Aagatraaa  yar  aiaata. 
Beyoaitioa  rata  aag  Ag  fila  tkiekaaaa 
oara  aaaaarag  aaiag  a  gaarta  aryatal 
aiarakalaaaa  (aal  Ikratag  by  aaiag 
•atharfarg  baafcaaattariag  (IBS)).  LIED 
aag  ABB  oara  yarforaog  oa  tka  Ag  fila 
gariag  grootk.  Batalla  of  tka 
yroyaratioa  aag  akaraa t or iia t ioa  of 
tboao  filaa  la  aara  aaaylataly 
gaaarihog  ia  rafaraaaa  24.  LBBD  atadicc 
ahoo  that  tha  Ag  filaa  grao  by 
aoao 1  ay or  aaoaraga  follooad  by  tkraa 


diaaaiioaal  iclaad  foraatioa  at 
dcpoiitioa  toitiiiid.  Iifirnci  23  oa 
Ag  oa  Ga  (111)  aaggacta  ttroag  cbaaical 
iitaractioi  aad  lataraixiag  of  the 
firct  aaoaral  lavera.  Bowever.  other 
itidlai  kafora aad  aiacc2 
rafatnea  23  iadicata  that  tharc  it  ao 
iatarfacial  alloying  or  i o t a rd i f f a i  i  oa 
of  tha  Ag  aad  Ga  at  too*  taapintarai. 

Tha  laaplat  oara  raooocd  froa  tha 
altra  high  oacaao  iyttaa  aad  atortd  in 
air  aatil  thty  could  ha  analyxed  by 
acaaaiag  electron  aicrotcopy  (SEA)  or 
BBS.  Tha  aaaplaa  oara  placed  in  a 
conventional  evaporation  ayatca  (beat 
praaaarc  10”"  torr)  tad  3000  Aagtroa  Ag 
coatacta  vara  electron  bean  depoaitad 
onto  tha  aaaplaa. 

Electronic  triaaport  acaaarcacnta 
ware  parforaad  ia  a  acalcd,  teaperatnre 
controlled  copper  aaaple  holder  placed 
ia  an  axchaaga  gac  can  aad  aubatrged  ia 
liquid  halina.  Copper  oirca  vara  iadina 
aoldcrad  to  tha  til  nr  padt  and  heat 
tank  to  tba  copper  aaaple  holder. 

Tha  aoaolayer  fila  ia  certainly 
diacoitiaioia,  ratting  on  plateana  on 
the  Ga  airfice  with  atep  heighta 
c or r e a  pond i ag  to  l/4tk  the  lattice 
apaciig  of  Ga.  Tbeae  plateana  arc 
preaaaably  bridged  by  the  aaceta  3-Dia 
Ag  ialiada,  reanlting  in  the  obaerved 
conductivity  doainated  by  the 
aonolayera.  The  raaiataace  of  the 
aaaple  at  10°K  ia  *■7.7  hilo-ohaa. 

Ia  figure  1  oa  have  plotted  tbe 
fractional  change  (relative  to  10 
Kelvin)  in  the  2-probe  reaittance  of 
tbia  aaaple  aa  a  function  of  tbe 
logarithm  of  the  teaperatnre.  Tbe  exact 
gaoaetry  being  probed  it  unknown  due  to 
tbe  d  i  a coa t i a ue t i e a  ditcuated  above. 
One  can  tea  however,  that  the  aaaple 
reaiatanca  ditplaya  a  1  o g a r  i  t  ba  i  c a  1  1  y 
increaaing  raaiataace  with  decreaaing 
teaperatnre . 

Figure  2  abovt  tbe  fractional 
change  ia  the  dyuaaic  reaittance  of 
tbia  aaaple  at  variont  t eape r a t ur e a .  At 
low  fialdt  tba  reaiatanca  behavior  ia 
conaiataat  with  a  quadratic  electric 
field  dependence.  At  higher  field!  a 
logaritkaic  dependence  appaara  which 
becoaea  aore  pronounced  at  lower 
t a ap a r a t u r e a  .  Tha  iaaert  thova  the 
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dill*  la  the  fractional  (iiiitifit^ 
«ltl  iff  liil  aitutti  flail.  Tka 
a a g a a t • c a  a  1  a t a a a  a  la  iaotrople 
indicating  tkat  orbital  affacta  ara 
aagligable.  Tkla  iaotrople  bekavior  la 
eiailar  ta  tkat  faaad  la  M  fllaa  fkaia 

UUVhXI  • f"  fok*‘  Mr 

Tka  pravloaa  flgaraa  aka*  tkat 
tkaaa  altratkla  eryatalliae  fllaa  af  kg 
epitaxially  grave  aa  (001)  Ga 
aabatrataa  aaklblt  alactraala  traa.port 
aat  vltk  tva  diaaaaioaal 
aad  diaplay  vaak  alaetraa 
iota  apgrexiaata 1 y  2 
dagraaa  Ealvla.  Ia  flgara  3  va  aka*  tka 
raaiativity  af  tka  flla  la  flgaraa  1-2 
lava  ta  0.13°K.  Tka  aaapla  realatlvlty 
la  laeraaalag  1 aga r 1 1 kale  a  1  1  y  vltk 
lecreatlag  teaperatare  aatll  tka 
teaparatara  Irapa  ta  abaat  1.<°K.  Balo* 
tkla  teaparatara  tka  realatlvlty 
lecreaee*  rapllly.  At  0.<3°K  Ita  valaa 
la  55%  af  tka  realatlvlty  at  2°E.  A 
aagaatla  flail  aappreaaea  tkla  aallaa 
laeraaaa  la  raalataaea. 

■aatlag  tka  aaapla  to  -<00°E  for 
-10  ala.  aalir  vacua  paraaeaatly 
laatraya  all  algae  of  2-1  alactraale 
bakavlar  aal  a ap a r e e a  1 a e t 1 v 1 1 y , 
eaaalataat  vltk  tka  aarfaee  (taller 
vkick  lallcata  tka  aoaalayar  akoall  be 
aaatabla  agaiaat  ialaal  foraatioa  at 
tkat  taaparatara24. 

la  flgara  4  va  have  plottel  the 
parpaalleal ar  aagaatle  flail  bakavlor 
af  tka  raalataaea  of  a  aiailar  aaapla 
vkaaa  raalataaea  kaa  baaa  rolacol  (aaa 
laaart)  at  0.3S*E  to  13%  of  ita  2°E 
valaa.  Abava  -1.4°E,  tka  raalataaea 
lacraaaoa  laaollataly  vltk  tka 
applleatlaa  af  a  aagaatle  flail  aal 
tkaa  level!  off  at  a  valaa  oaly 
eligktly  abava  tka  tare  flail 
raalataaea.  At  lev  teaparatara  tka 
aagaatle  flail  lapaalaaaa  la  acre 
Iraaatle.  Tka  raalataaea  la  flat  far 
aaall  flalla.  tkaa  laeraaaaa  abraptly 
aal  lavala  off  at  a  raalataaea  aaek 


ialieate  a  earraat  laaalty  af  10^-10 
aape/ea2  aaasalag  tka  flla  la 
aaatlaaava  aal  af  aalfara  tklckaeaa. 


air  coal!  laaaga  tka  aoaolayar  fllaa. 
After  tkaaa  asperiaaata  vara  perforatd 
aad  repeated  (over  a  period  of 
appros iaa ta 1 y  a  aaatk)  tka  aaaplet  vara 
reesiaiaed  by  AES.  Tkla  aaalyaic  abovad 
tkat  altboagh  the  3000  Aagatroa  Ag 
coatact  padt  vara  taraiahad  (aolfar 
c o a t a ■ 1  a  a t 1 o a ) .  the  oaly  foraiga 
rebalance  oa  the  'aoaolayar*  flla  vaa 
carbon  -  praaaaably  froa  snap  oil. 

Tba  acaliag  theory*  pradicta  a 
logaritbaically  iacraaaiag  raaiativity 


prelector  of  the  logaritba  dapaadi  on 


depeadeaca  of  tba  inalactic  acattariag 
t  iaa , 

41ili--[Ia2p/(2it2b)l  ln(T/T0)  (1) 

vbara  tba  total  inalaatic  acattariag 
tiaa  t  j  goat  aa  1 4  «  T~p. 

Ia  batvaan  inalaatic  clectron- 
pboaoa  acattariaga  tba  electron  can 
abaorb  energy  froa  tba  applied  electric 
field  aad  aadargo  Joule  (I2R)  heating. 
Tbia  reaalta  ia  a  qaadratic  electric 
field  dependence  for  1  ov  fielda 
ebaagiag  over  at  large  fielda  to  a 
logaritbaic  dependence.  Tba  prefactor 
dependt  oa  the  power  of  the  teaperatare 
depeadeaca  of  both  the  total  inelastic 
acattariag  tiae  aad  the  e 1 ec tron-pbonoa 
acattariag  tina*  1  -  *t~P  \ . 


•T-P  ): 


AR(E)--lEe2/ (2a2b) )(2p/(2+p'))la(E/E). 

R  (2) 

An  interacting  electron 
pietare4'4'7  for  a  diaorderad  ayatea 
alao  aaggaata  a  logaritbaic  teaperatare 
depeadeaca  to  tba  raaiativity  aiailar 
to  aqaatioa  (1)  with  p«l.  Calcalatioaa 
ia  raferaaee  13  indicate  that  aride 
froa  elaetroa  heating  affacta  there  ia 
no  aloctrie  field  dependence  to  the 
raaiativity  ia  tba  interaction  pictnre. 

Froa  oar  data  va  cannot 
dataraiaa  tba  exponent  p  for  the 

.  _ _ _ _  A.. _ .  J _ _ 


gaoaatry  ia  aadafiaad  aa  diacaaaed 
above.  Taking  a  valaa  of  p  aa  1  for 
axaapla,  va  voald  find  that  the 
raalataaea  of  7700  ohat  ia  aqaivalaat 


>  \y\ 


Pi 


I  iaitiag. 


critical  field  of  ~23EGaost 


(1)  cad  (2).  tka  ratio  of  the 
logarithmic  slopes  of  the  teaperatare 
aad  electric  field  dapcadaacaa  can  be 
•  aad  to  calcalate  the  teapentire 
depeadeace  of  the  a  1 e c t r o a- p h o a o a 
acatteriag  tiae.  Dtiag  the  logarithaic 
electric  field  depeadeace  of  the  eaaple 


Te  of  1 .6  1.  The  ’critial  field’  is 


rosghly  iaotropic,  agaia  saggestiag  a 
apia  pa i rbr eak i ag. 

While  it  is  aot  clear  what  is 
respoasible  for  the  tape r coadac t i v i t y , 
it  shoald  be  aoted  that  there  are  ao 
kaowa  stable  AgGe  coapoaads.  Ag4Ge  it 


sanction  (2)  to  give  p 


coapires  (iii  r-i.i  to  e.s  toaaa  tor 
P d  films21'13  aad  p '-1 .3  reported  for 
ft  films21. 

Both  scaliag  theory  aad  the 
iateractiag  clectroa  pictare  predict 
aagaetoresittaace  effects  ia 
classically  saall  fields  (s>ct<<1)  which 
are  several  orders  of  aagaitade  larger 
tbaa  the  'ataal'  positive 
aagaetoresittaace  teee  ia  aetals. 
Electroa  orbital  e f f e c t a4 • * ‘ 1 3  ,  Zeeaaa 
a  p  1  i  t  t  i  a  a  1  4  ’  1  7  .  s  p  i  a  -  o  r  b  i  t 

pabb!  i*g#»*J»14***.  m  it  A  4  MfiB  «•  i  f  *  lais 


qo«fich  coodiBiid  AgGc  alloys  sidi 
4.2°E  which  are  t ap e r c o a d a c » i a g  at  ap 
to  l.d°I30>31.  All  of  the  sarface 


iadicatet  oaly  weak  iateractioos  (on  a 
cheaical  biadiaj  scale)  betweea  the 
aoaolayer  Ag  aad  the  substrate,  with  ao 

J  r  r.  . .  .  .  .  „  -  2  4  .  .  L  .  .. 


a  p  1  i  t  t  i  a  a  1  "  ’  *  '  .  s  p  i  a  -  o  r  b  i  t 
coop  1  lag  ■  ' • 1  * • 18 .  aad  iaparity  spia 
acatteriag  cat  all  aake  c o a t r i b a t i o a t 
to  the  a  a g a e t o r e s  i  s t a  a c e  ia  both 
pictores.  Zeeaaa  aplittiag  aakes  a 
coatribatioa  which  while  isotropic, 
aaaifests  itself  oaly  ia  the 
iateractioa  pictare.  There  it  a 
coatribatioa  froa  the  Zeeaaa  effect  ia 
the  scaliag  theory  oaly  whea  spia-orbit 
coupling  it  iacladed14.  Spia-orbit 
coapliag  hat  a  slgaif  icaat  effect  ia 
both  iataractioa  aad  scaliag  pictares. 

Coasideriag  chat  Ag  aad  fd  arc 
sitaated  side  by  aide  ia  the  periodic 
table  thia  tiailarity  ia  their 
aa g ae t o r a t i a t i v e  behavior  is  aot 
saprisiag.  The  spia-orbit  iatersetioas 


coaple  aa  Z  .  where  Z  is  the  nuclear 
charge  <Z.  -47.  Z-.-46.  ao  AZ4/Z4 
<10%).  1 

Tha  aost  atrikiag  faatare  of  this 


coapoaad  forastioa'  aad  a  sharp 
iaterface.  Additioaal  sarface  ttadits 
oa  this  growth  of  Ag  oa  Ge  alto  saggett 
the  abseace  of  ialirauiag,  cheaical 
shifts  or  coapoaad  f o r a  a t  i  o a  2  '  ’ 2  * . 
However,  the  resolatioa  of  the 
differeat  sarface  probes  caaaot  detect 
regioas  of  the  sarface  which  coaprise 
oaly  several  perceat,  aad  it  is  always 
possible,  cvea  if  aalikely.  that  a 
small  i a t e r c o aae c t e d  patt  ol  the 
sarface  may  coataia  coapoaads  that  we 
caaaot  detect  but  which  short  oat  the 
rest  of  the  sarface  as  they  go 
sapercoadac t lag.  Oar  critical  cerreit 
aessareaeats  would  lead  to  argee 
agaiast  this. 

If  ia  fact  the  aoaolayer  it 
caper coadac t iag.  while  balk  Ag  it  kaowa 
aot  to  be,  there  esa  be  several 
e * p 1  a  a  a t i o a t .  Siace  the  observed 
traasitioa  teaperatorc  it  low,  there  is 


tkaa  the  steal  electroa-pbonoa 
iateractioa  aad  BCS  sapercoadac t i v i t y. 
A  aoaolayer  of  Ag  has  a  vastly 


iacoapl eta  tape 
as  aight  be  foa 


associate 
rcoadactiag 
ad  ia  aa  ial 


with 
r aas  i  t 


phoaoat  thsa  the  balk  aaterial.  If 
farther  iav es t i ga t ioat  point  to  another 
aechaaisa,  it  shoald  be  reaeabered  that 


aagaetic  field  depeadeace  shows  ia 
figare  4  ia  coasiateat  with  this 
iatarpre  ta  t ioa  if  tha  ’critical  field’ 


for  the  highest  T#  portioa  of  the  film 
is  takes  as  iadieetive  of  Paali 


aabatrata  it  aa  ideal  ayttea  for 
stadyiag  the  eacitoaic  aechaaisa  as 
proposed  ia  refcreace  32,  especially 
aiace  refereaccs  27  aad  21  iadicste 
that  there  it  aegligible  bead  beading 


a 


at  tl*  f«-l|  iittrfict. 

la  coat  1  at ioa.  ••  lift  ckooa  tkat 
altratkla  cryatalliao  f ilai  of  Ag 
•  y  i  t ai  ia  I  1  r  yioia  oa  Ca  (001) 
aabatrataa  exhibit  •  1  ictroaic  tnaiyort 
etaiiotiat  «  i  tk  too  tinaiioail 
bikiv  lot.  They  liiylty  oaak  aloetroa 
local  itatloa.  okick  cronaa  otar  to  a 
•aparcoadac t lag  regiae  baloo  1-2°E.  At 
loo  taafarataraa.  ia  tha  aaraal  atata, 
tbia  ayataa  kaa  a  taaiatlt  ity  okick 
iacraaaaa  logerithaieally  li tk 
decreaaiag  taayatatara.  At  loo  alactric 
field.  tka  aoraal  atata  ratiaiif icy  ia 
coaaiataat  oitk  a  qaadratic  fiald 
dapaadaaca  ckaaglag  ooar  to  a 
logaritkaic  dapaadaaca  at  kigk  alactric 
fialda.  Tkarc  ia  a  aaatl  poaitioa 
iaotropic  a  a g a a t o r a  a i a t a  a c a .  Baloo 
approiiaati It  l°l  tka  reaittivity 
di.play.  a  broad  a  a  p  a  r  c  o  a  d  u  c  t  t  a  g 
tran.itior  la  both  ita  taapacatara  aad 
aagaetic  fiald  dapaadaaca. 
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Fignrt  1 

Fractional  ckaaga  ia  the  (  t  1  t 
raii  at  it  it y  at  loo  teaperatarc. 
Microccopic  tarracai  ia  th*  ubitratt 
prtvtat  abiolita  ratiititity 
a  a  a t a r a a  a  a t t .  bat  aaanaiag  p  ■  1  ia 
aquation  (1).  would  give  a  ratiatioity 
of  -1 .410  /  a  qua  re. 


contiatant 


Fi  gar  a  2 

Tha  dyaaaic  ratittanca  it  contiatant 
oith  t  quadratic  field  dependence  for 
loo  electric  fielda,  changing  to  a 
logarithaic  dependence  at  high  fielda. 
Tbit  taaple  givet  p'*2.6  ia  equation  2. 
Insert  shoot  a  pot  it  it e  isotropic 
aa t ne t o r e a i a t a nc e .  open  tyabols  are  for 
B  J.  f  i  1  a,  solid  for  B  II  f  i  1  a. 

Figure  3 

Beloo  -1.6°E  the  resistivity  of  this 
staple  shoos  a  very  rapid  decrease  oith 
decreasing  teaperature.  The  insert 
shoos  the  staple  resistivity  fret  2  50- 
0.6°B,  ohich  is  oell  fit  by  a  log(T) 
resistor  ia  parallel  oith  a 
aeaicoaductor  oith  a  -0 . 1 4  *  V  gap. 

Figure  4 

The  pe rpe ad i cu 1  a r  aa g ne t o r e s i s t a n c e  of 
a  staple  tiailar  to  that  in  figures  1 - 
3.  ia  fielda  up  to  10  Tesla.  Insert 
shoot  the  teaperature  dependence  of  the 
resistivity  beloo  25°B. 
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